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**  USL  Report  No.  558  (ref.  (a))  “"examines  the  possibility  of  a towline 
going  slack,  which  can  result  from  the  inability  of  a VDS  towed  body  to 
accelerate  downward  at  as  high  a rate  as  the  fantail  of  a ship.  The 
report  also  examines  the  high  cable  tensions  which  can  result  from  the 
sudden  restoration  of  towline  tension  at  some  time  after  the  slackening. 
The  likelihood  of  occurrence  of  a slack  line  is  a function  of  the  ratio 
of  fish  weight  to  fish  mass. 

This  memorandum  demonstrates  the  need  for  combining  the  "G  factor" 
characteristic  and  the  mass  of  a towed  body  in  determining  the  likeli- 
hood of  the  loss  of  a towed  body  under  specific  conditions.^ 

DISCUSSION 

It  is  possible,  if  the  so-called  "G  factor"  of  the  fish  is  known, 
to  determine  the  exact  time  in  a ship  motion  cycle  when  a towline  will 
go  slack.  The  "G  factor"  is  defined  as  the  maximum  downward  acceler- 
ation, In  G's,  that  a particular  towed  body  can  experience  as  a result 
of  its  weight  in  water  and  its  drag.  The  "G  factor"  itself  is  useful 
in  determining  the  likelihood  of  and  the  time  of  a zero  towline  tension 
event,  but  the  mass  of  the  body  is  the  more  important  parameter  in 
determining  the  ultimate  effects  of  the  loss  of  towline  tension. 

The  relative  roles  of  "G  factor"  and  mass  in  the  loss  of  cable 
tension  and  in  the  high  tension  attendant  to  dbbsequent  recapture  can 
be  put  in  proper  perspective  by  a comparison  of  bodies  of  various 
characteristics.  . . i:DC 
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Three  distinct  bodies  are  examined  which  have  characteristics  shown 
in  Table  Is 

1.  Pish  "A”  approximates  the  AN/SOA-11* 

2.  Fish  "B"  in  a variation  of  the  AN/SQA-11  in  that  the  transducer 
enclosure  is  shortened, 

3.  Fish  "C"  is  an  arbitrarily  selected  light  body  with  the  same 
"G  factor"  (based  on  an  approximate  equation  that  gives  a conservative 
value)  as  the  AN/SQA-11  but  with  significantly  lower  mass. 

Given  the  data  in  Table  I and  using  methods  detailed  in  ref.  (a), 
computations  can  be  made  for  any  ship  pitch  angle  to  determine  whether 
or  not  the  towline  will  go  slack  and  to  evaluate  the  consequences,  at 
the  time  of  recapture,  of  the  towline  having  gone  slack. 

The  Input  conditions  from  ship  motion  must  be  established  bef ore 
the  computations  can  be  made.  The  effects  of  all  possible  sea  states 
up  to  and  including  at  least  state  8 (whole  gale  conditions)  must  be 
considered.  A state  7 sen  can  be  assumed  to  cause  ship  pitches  up  to 
5°,  as  shown  in  Fig.  1,  which  applies  for  most  practical  purposes  to 
destroyer- type  vessels.  If  ship  pitch  is  assumed  about  a transverse 
axis  that  i3  about  65$  aft  of  the  stem,  the  resulting  excursion  at  the 
stern  for  a given  pitch  will  be  as  tabulated  below: 

Ship  Pitch  Angle  (degrees)  Half-amplitude  Tnffrail  Excursion 

4 10.5 

4.2  11 

4.6  12 

5 13 

5.4  14 

The  above  values  are  based  on  the  somewhat  optimistic  view  that 
heave  does  not  contribute  to  the  half-amplitude.  It  requires  consider- 
able resolution  when  aboard  a ship  to  disregard  the  heave  effects  of 
state  8 seas,  with  a 1000-ft.  wavelength  and  a 60-ft.  wave  height.  The 
reader  should  keep  in  mind  that  the  acceleration  that  results  from  the 
combination  of  pitch  and  heave  is  the  important  number.  Simple  pitch 
motion  and  its  attendant  stern  excursions  are  used  in  the  examples  to 
simplify  the  calculations  for  purposes  of  demonstration.  A motion  equi- 
valent to  that  produced  by  a sen  state  7 could  be  produced  by  a lesser 
sea  when  combined  with  swells. 

The  three  fish  being  compared  can  now  be  examined. 

On  the  basis  of  an  assumed  maximum  ship  pitch  of  5°,  it  can  be 
shown  (ref.  (a))  that  each  of  the  fish  being  considered  will,  at  some 
time,  cause  the  towline  to  become  slack.  The  ship  pitch  angles  at  which 
this  slack  would  first  occur  are  as  follows: 
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1. 

Fish 

"A" 

3.7° 

2. 

Fish 

"B" 

4.5° 

• 

Fish 

"C" 

3.7o 

The  towline  tension  that  would  occur  as  a result  of  angles  of  these 
magnitudes  are  not  catastrophic  since  the  zero  towline  tension  does  not 
exist  long  enough  for  the  towed  body  to  build  up  velocity.  Indeed 
Fish  "B"  experiences  no  slack  at  all  at  4.5°  if  equations  from  ref.  (a) 
are  used,  which  are  more  rigorous  than  the  first  approximations  used 
to  determine  the  angles  above.  As  the  ship  pitch  angle  (and  the  time 
available  to  the  fish  to  increase  velocity  free  of  the  towline)  gets 
larger,  so  also  do  the  consequences  become  more  serious  when  the 
towline  fetches  up. 

Figure  2 is  a plot  of  the  peak  tensions,  which  will  result  from 
recapture  of  the  fish,  as  a function  of  cable  payed  out.  Fish  "B"  is 
shown  for  a 5.4°  ship  pitch  in  order  to  show  significant  values.  The 
conclusions  reached  on  the  basis  of  Figure  2 are  obvious. 

CONCLUSIONS 

1.  Two  fish  ("A"  and  "C")  of  equal  "G  factor"  but  of  different 
weight  (mass)  will  cause  different  tawline  peak  tensions  when  loss  and 
violent  recovery  of  towline  tension  occur. 

2.  Two  fish  ("A"  and  "B")  of  equal  weight  but  of  different  mass 
will  experience  loss  of  towline  tension  at  different  magnitudes  of  ship 
pitch  and  will  exhibit  significantly  different  effects  on  maximum 
towline  tension. 
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FRANK  B.  RAKOFF 
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